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1. Aims and scope of
Ventilation
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1. Aims and scope of Ventilation introduction

1. Ventilation in
conditioning

- Regulation and conditioning
of air (mainly temperature,
humidity) when machines are
running and when workers
access facilities

2. Ventilation in heat
load dissipation

- Transfer of part of the thermal
load produced in the machines
and racks to the air renewed by
ventilation

3. Ventilation in
emergency cases

- Extraction of smoke or helium
in case of emergency and
creation of safe conditions in
compartments




Inigo Martin Melero (CERN/EN/CV)

2. Technical details on
Ventilation Design for FCC
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2.1 Generalities AHUs & fancoils

Surface AHUs
- Treatment of the air to temperature and humidity
conditions
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2.1 Generalities Primary circuit heat loads

Point Cryogenics  Experiment General Services  Power Converters (RF) Chilled water Underground TOTAL

A 0.3 0.5 2 4.6 42.6 50
B 2 3.9 1.0 7
D 0.3 0.5 2 4.6 42.6 50
F 2 3.9 1.0 7
G 0.3 0.5 2 4.6 42.6 50
H 34 2 45 10.1 51.0 102
J 0.3 0.5 2 4.6 42.6 50
L 10 2 0.1 4.5 2.7 19

P .

: — E —><H e Ventilation cooling requirements

I | in Primary Water Circuit

I 25°C | 6°C

I\ = = ,I~ _©_ T More info:

Primary water — Q G. Peon @ Session TIWG 5
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2 1 Generalities Chlllers needed

POINT COOLING FLOW RATE | NUMBER OF COOLING POWER/
POWER (kW) (m-"/h) CHILLERS CHILLER (kW)
A 3,848 1,000
B 3,284 472 5 900
D 3,828 550 5 1,000 — Ventilation cooling requirements in
F 3,284 472 5 900
G 3,848 553 5 1,000 Cold batteries in AHUS/ Fancoils in:
H 8,345 1,200 6 1,800 - Surface BUIldlngS
- Shaft pressurization
J 3,828 >>0 > 1,000 - Service Cavern & UAs
L 3,739 537 5 1,000 - Experimental Cavern
Chiller - Half Tunnel Sector 1
rm—————- =~ - Half Tunnel Sector 2
,' e — | - >< cop~5 - Klystron Galleries
| | 12°C ———
| | FAIR
| 25°C | 6°C [
I
! — _©_ KWiton 05 06 10.7; 08 09 10 11 1.2

| ——— =" I C.O.P. (7.0) (5.9) :(5.% (4.4) (3.9) (3.5 (3.2) (2.9)

Primary water — Q
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2 1 Generalities chilled water circuit heat loads

1. Surface heat loads to chilled water (kW)

Power General |Experimental Shaft Fresh Air for TOTAL TO
POINT Cryogenics| Converters | Services Areas Pressurisation| Underground Areas |CHILLED WATER

500 150 50 700 Chilled _ 1. Surface + 2. Underground
13 200 40 300 150 Ll water load + 3. Sector
500 150 50 700
13 500 50 300 150 1013
1,400* 2,250* 500 150 150 800
13 500 40 300 150 1003
402* 35%* 500 150 150 800

2. Underground heat loads to chilled water (kW)

Experimental Power Ventllatlon
POINT | Cryogenics Areas Converters TOTAL

*Extracted without chilled water - Option: free cooling

3. Sector heat loads to chilled water (kW)
Magnets | Cables Syrra‘uc:lkl]::sgr? " Alcoves TOTAL n 220 2l
absorbers PER SECTOR n 1 40 220 200 461
120 2,364 220 220
471
3,500 for 7 alcoves (baseline) - >0 220 200

Depends on number of alcoves 145 4,600 220 200 5,165
More info: 1,500 for 9 alcoves (optimal) 1 40 220 200 461
B. Wicki @ Session TIWG 3 o 75 220 00 555
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2.2 Surface Areas Requirements for Ventilation

1. SU building cv building 2. SUX building cv buiding
e SU-CW: * SUX-MC:
- Chilled water production - In Points A, D, G, J; AHUs of the
station Experimental Cavern.
e SU-VT: - In Points H, L; AHUs of Klystron
' Galleries.
- AHUs of the Tunnel
- In Points B, F, H, L; AHUs of the © SUX-TC [Buildings with CV equipment, LHC Point 1] =
Service Caverns and UAs - - In Points A, D, G, J; AHUs of the
small Service Caverns and UAs

3. All surface buildings ventiation of all buildings
- Conventional on-shelf equipment
- Special equipment, e.g. clean rooms

More info:
A. Mayoux @ Session CE

Building official nomenclature to be defined!
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2.3 Technical Areas in Technical Points (B,F)

----------------------------------------------

' R v v
. Ldh *
f =
Service shaft pressurisation \uhh__,v‘/w SE S
D =1000 mm

Ventilation of the Machine Tunnel A Ventilation of the Machine Tunnel
D=1200 mm 1 1 D = 1200 mm

Emergency extraction of the Machine Tunnel

——& Fresh air for Uas

OO
?

D = 1200 mm «—¢ ©—1—< D=1000mm
Ventilation of the Service Cavern N e
O » D = 1000 mm s

f" e \‘\

'\“ J f"

Technical Points Fresh air UAs: 20,000 m3/h 40,000 m3/h 40,000 m3/h g‘/
B, F Ventilation Service Cavern: 20,000 m3/h \f'\ o
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23 Technical AreaS in Experimental Points (A,D,G,J)

l I . Experimental Areas

Service shaft pressurisation Tl e SR Em Service shaft pressurisation
D = 1000 mm | D = 1000 mm
Ventilation of the Machine Tunnel 11 Ventilation of the Machine Tunnel
D=1200 mm 141 D =1200 mm
Emergency extraction of the Machine Tunnel «—) Fresh air for Uas
D=1200 mm <—© | D =1000 mm
Ventilation of the Service Cavern
D =1000 mm

Experimental Points Fresh air UAs: 20,000 m3/h 60,000 m3/h 60,000 m3/h ./
AD,G,) Ventilation Service Cavern: 40,000 m3/h H E
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2.3 Technical Areas inRF Points (L,H)
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Service shaft pressurisation Emergency extraction of the Machine Tunnel
D =1000 mm D=1200mm
Ventilation of the Machine Tunnel Ventilation of the Machine Tunnel
L . — ;O_C_:D=1200mm
Ventilation of the Service Cavern
ﬂ D =1000 mm <->——(|_ 5 :8]:Fresh air for UAs

D=1000mm

,{)rf’ g
A A "\\

Fresh air UAs: 20,000 m3/h

40,000 m3/h
Ventilation Service Cavern: 20,000 m3/h

D ‘\,
40,000 m3/h
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2.4 RF Areas in RF Points (L,H)

Fancoils

/ T — — /
L
JTAE TR TR T AT AT T T T YT R T AT Ty Ty T __&'__A'__A'_"'_I_'*_'__A'__'A__'A__'T_ T OTAT T TN T T TR T T T TAT Ty T kT — !
1 —— )
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! < »- >
:—‘_ j
! !
! !
! !
! !

Emergency Extraction - y :1_@@__[ Ventilation of the Klystron gallery
D =1000 mm © D =1000mm

Equivalent compartment structure as in the Tunnel

_ Air Supply Regular Extraction Emergency Extraction "“’bﬂ_”‘;\\
Run & Access Mode 30.000 m3/h 30.000 m3/h / 4 o\
'\' J |

Emergency conditions >30.000 m3/h <30.000 m3/h 7000 m3/h in affected compartments (max. 2) . /’f
6000 m3/h in adjacent compartments (max. 2) m . //
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2.5 Experimental Areas in Experimental Points (A,D,G,J)
:;e:n';ifl’aot(i]o[r; ;f the Experimental Cavern Igj

Gas Extraction +—&)——
D=1000mm +—C—

"—©+v v v ¥ +©+

FCCTunmel = FCRTinTE]

Technical Areas

_ Air Supply Regular Extraction Gas Extraction
OFF

Run & Access Mode 50.000 — 70.000 m3/h 50.000 — 70.000 m3/h

Flushing Mode 50.000 — 70.000 m3/h 50.000 — 70.000 m3/h OFF / - H" q
Fire Emergency Up to 70.000 m3/h Up to 70.000 m3/h OFF

Gas Emergency 20.000 m3/h OFF 20.000 m3/h . E/




General Input data

Cross section area 15.2 m?
Sector length 11,396 m
Max. Temperature (running 32°C (to be
conditions) confirmed)
Max. dew point Temperature 12°C (to be
confirmed
Compartment Input data

Number of
Compartments 29

Compartment

length 400 m
Volume

Compartment 6,080 m3

Inigo Martin Melero (CERN/EN/CV)

2.6 Tunnel

sector

Flushing air flow
(longitudinal) per sector

Air supply points per
compartment

Air flow per supply point
(normal operation)

Time to complete air renewal
(flushing)

Maximum air speed
(normal operation — flushing)

Cooling capacity in normal
operation for AT = 15 K per
sector

General parameters

Ventilation parameters

Normal operation air flow per

2 X 27,000 m3/h

100,000 m3/h

474 m3/h

1.7 h

0.5m/s—1.8 m/s

271 kW



O FCC Inigo Martin Melero (CERN/EN/CV)

2.6 Tunnel Integration

*Smoke extraction duct + dampers

More info:

* Inlet slab duct F. Valchkova @ Session TIWG 3

Fancoils & air terminal units o
(alternated longitudinally) ' '

3590

Point L RF Arc Tunnel in Arc Point H RF Arc
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2.0 Tunnel Run & Access Modes

Supply - . Supply

S | - ’ Suppl

upply === 1 pply anu | Aol

ExhaE‘AHU |‘v \ (= m Exhaust Exhaﬁ‘AHU Yy AI_IU‘£<haust

Emergency — — Emergency Emergency - = Emergency
. ":‘ '_-‘\' (/--_‘-I( 1 I/-__' ) l" --_:\-. 1

extraction c\—T——L LT/ extraction extraction - \—7 extraction

27,000 m3/h ! 27,000 m3/h
I
v (A4 / . i \ \ 14

_'\' . I' I' | L | ‘ / |

.;l [-'II i I I / _ ) ; ." . I ..: | } \ I | I'I |
Lils : [ I 1 | [l
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I\Il 'll‘ A A A A ‘ I f ‘ * A ? A l t '|I| ."I & i i ‘ & ql ‘ A EI‘ & A A l A A A A L3 4 ' [} ‘J'I FI L) A 4 4 [ . . . T A A l ) ‘ ‘rl [N
[ v |4 (| i [ | / A | \\
| - s el |

27,000 m3/h/ Fire compartment 27,000 m3/h
27,000 m3/h

27,000 m3/h
Run Mode 2 Machine is in operation

Access Modes 2> Maintenance / works
are done in the tunnel
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2.0 Tunnel Run & Access Modes

‘ <= NEGATIVE PRESSURE ‘
o=cLOSED S=IcLOSED CLOSED?= CLOSED®=
<II:A'\r term'\“a\ units Al te‘-m'\na\ units <:
/’ /'
4 / : qn qn
Fancoil A term'\\"a\
u(\“.S
\\ \\ L
é.l | (3 o | 54 |
f_,‘
474 m3/h 474 m3/h 474 m3/h 474 m3/h
\ J
f
Run Mode - Machine is in operation

1,896 m3/h per compartment
/hp P Access Modes 2 Maintenance / works

are done in the tunnel
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= T 07 signs 2.6 Tunnel Run & Access Modes
- - D - D criteria Transient, OFF = Run/Access

o | 0min | | 1 min |

.
l | w min 2 min
27000 | z90 27000 =y {
a0 1 I 25200 |
23400 | 1620 23400 1620 23400 11620
21600 | 21600 21600
19600 | ::gg - . 19800
18000 C . ) {1440 18000 3
16200 { o 162001 4 * 16200 s
14400 | 1a00{ ¥ 14400
12600 { 12600 ] . = 12600 s B
10800 | 10800 ., { 10800 1260
9000 9000 = . 9000
= 7200 g 7200 . X = 7200
g 5400 T 5400 . . 1080 2 5100 1080
E 3600 . 3600 - . % 3600
18001 —— Slab duct ® 1800 —— Sjap duct T £ 1800f — glabd
B ab duc | - 8 ab duct -
3 t *  Volume flow rate through diffusers 3 0 b ——— — = Volume flow rate through diffusers 200 3 0 — *  Volume flow rate through diffusers |0t
& -1800 | Tunnel Z -1800 Tunnel - . & 100 Tunnel .
2 -3600 B -3600 ¥ 2 -3600
3 5400 3 -5400 . 720 3 -5400
5 -7200 > 7200 = > -7200
-9000
-10800
-12600
-14400
-16200
-18000
-19800 - -19800
21800 | Set-point range 21600
23400 | 180 -23400 ‘LL‘_LHH 180
-25200 -25200
-27000 ot 27000 Seenecene |
288005 i 3 3 3 5 8 7 8 5 0 il 28800, i 2 3 3 5 8 7 § 0 wo e RS i P 3 3 5 G 7 8 § [0 T
Position alona tunnel sector fkmi Position along tunnel sector [km] Position along tunnel sector [km]
. . .
e 3 min - 4 min 0 me l 5 min |
o 27000
25200 | " 26200{ - = 2200 S
23400 1620 23400 - 11620 2400 T :
21600 21600 h i 21600 ey
19800 19800 _L\"“xi | 19800 | ‘1-__\1
18000 1440 18000 “t | 1440 18000 | e »
16200 16200 \1“11 | 16200 S 44
14400 14400 o | 14400 | =
w1 < oz . | \VENTILATION o2
10800 . 10800 0 10800 | 260 =
9000 9000 T E 9000 g
T 7200 - = 7200 “‘\1‘“ | & = 7200 2
T 500 o T 5400 L T 5400 1080 2
= 3600 < 3600 < 3600| o :
® 1800 —— Slab duct T 1800| —— Siab duct | T 1800 —— Siab duct §
= *  Volume flow rate through diffusers |00 z 0 & *  Volume flow rate through diffusers |00 3 | 79 *  Volume flow rate through diffusers {900 2
z g !
3 . Tunnel g Tunnel o 4 | & _is00| Tunnel . £
2 -1800 & -1800 — & -1800
2 -3600 2 -3600 2 -3600| =
2 -5400 3 5400 3 -5400 |
> -7200 > <7200 S -7200( k.
-9000 -9000 - 2
-10800 sio -10800 .
-12600 T - 12600 | _ = =
-14400 = - RV YT\ } bbbt ibddihhhththet bbb 2 ettt ettt ML TP T LYY Y T LA bbbt bbbt hh bbbt bl cuthocut4 I | O i e S
= - o ”
-19800 . -19800
21600 Set-point range 21600 T
-23400 18 -23400 gt .
-25200 | -25200 e
21000 -27000
-28800 - - . . - . 5 ( - .
2005 i 2 3 4 8 [ 10 fl ' B i 2 3 3 ] § 10 nl » u

5 6 7 5 0 ! Positin along unne sector [k
Position along tunnel sector [km] Position along tunnel sector [km] g Gl



Inigo Martin Melero (CERN/EN/CV)

2.0 Tunnel Flushing Mode

- - S I I - - Suppl
Supply g =] PPV SupPly =1 P—an >UPPY

Exhaust g |" Y[ ang] Exhaust Exhaust g 1 Y anu]—
Emergency :_\:l — Emergency Emergency = == Emergency
extraction T \—7 extraction extraction &/ =7 extraction

50,000 m3/h 50,000 m3/h

v

50,000 m3/h

J | y | 1 : / | { |
f — | i S —— ——— —— ] a—
by : o ‘ bils I 1 i : i : bl : ‘ Lk g
{ | [ ] I I ' ' . . { . ' / { |
— '\ : I 1 : : : [ \ N |
| ] \ F 1 ! ‘ : : / | : ‘ J/ ; ) |
| 1 | I
f :———ﬂl | / \ v.f"

\ Fire compartment ‘ 50,000 m3/h 50 000 m3/h
50,000 m3/h ’ /

Flushing Mode - Full air renewal between Access
and Run Modes
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2.0 Tunnel Flushing Mode

‘ <= NEGATIVE PRESSURE ‘

o= cLOSED S=CLOSED CLOSED®= CLOSED

:> 100,000 m3/h 100,000 m3/h ::>

Flushing Mode = Full air renewal between Access
and Run Modes
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2.6 Tunnel Emergency Mode

Supply - . Supply

- . S |
Supply PR == PPV YTV IR vy
Exhaust reg I" Y[ anu] Exhaust Exhaust ey Y Y[ anu] Exhaust
Adjacent \
compartment / :
: A
R N e L —
{F ll' ‘ I ‘I' ‘II - . i . ! , [ I> ‘Il I I ;\ 'I\
/ \‘I: . \" f I : ' : ‘ : ( ': : - ‘o [
1A Lal | i s 5 by
[ - I 1 . i ™
[ | Y Y | | I A* : : [ : Y |
| ‘I l : 7 4 : ¢ I | ; 4 4 4 : * 4 ] = : —3 : b | 4 ,' ;
) ) ] | ! /

FCC tunnel ventilation based on HSE Safety

Fire compartment
studies = Performance Based Design

Emergency Mode 2 Smoke & fire or helium leak Tunnel Fire Dynamics. Springer, 2015 Need Capacit
. Ingason H., Li Y.Z., Ldnnermark A. pacity
scenario . AMW 3.25m-05m 4 mi/s 4.7 m3/s
M . f ) 10 m /Sik’g/s \ 1/3 / (10000 + 2*3500) m3/h
ore InTo: m(z) =0.071- Qc . ZS/S

A. Henriques, O. Rios @ Session TIWG 1 EDMS 1817646
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2.6 Tunnel Emergency Mode

Affected compartment (max. 2)

NEGATIVE PRESSURE ‘

=" OPEN OPEN & OPEN®

1250 m3/h

\ 1250 m3/h 1250 m3/h m3/h

f
3
Emergency Mode = Smoke & fire or helium leak 10,000 m*/h per compartment

scenario
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2.6 Tunnel Emergency Mode

Adjacent compartment (max. 2)

NEGATIVE PRESSURE ‘

=" opEN OPEN = SPENTT

-
-

“.-
I

On

o

ol Oi— o]
A 4 T
——-
438 m*/h 438 m3/h ' 438 m3/h 3 438 m3/h 438 m3/h
\ 438 m3/h 438 m3/h 438 m>/h |
f
Emergency Mode = Smoke & fire or helium leak 3500 m3/h per compartment

scenario
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= " 0 " signs 2.6 Tunnel Emergency Mode
criteria Transient, Run/Access = Emergency

~

.
éé.‘.’.?g 2880 72000 Sl - - - 2880 72000 1 5 m I n 2880
Si800| — Slab duct + Volume flow rate through diffusers | o0 —— slab duct * Volume flow rate through diffusers | a0 — slab duct + Volume flow rate through diffusers |
00 7 [
siz0) Tunnel 61200 Tunnel 0 R Tunnel |
aggg_ —— Emergency extraction 12520 ng- —— Emergency extraction 2520 ;ggg‘ —— Emergency extraction 2520
“gggg.,' 12340 2340 :S% I STA B L E 2340
| 39600 {
36000 | 12180 36000 +2160
2 e VENTILATION z
g?gg ; 11380 Fd| %?% | 11980~
£ 1?4038 1800 § 1 1800 § 13 18000' [ 1800
E 10800 0% E 10800 € E 10800
s 7200 6205 = 00| 205 = 7500 11620 5
& 300 o2 B 0 & § 3600 &
1440 0| 1440 B 0 1440 B
H 8001 £ & 300 g F - |"E
= L1260 2 -7200 { 2 L)
§m k- NIRE ot
g - 3 -14400 { £ = - 1 . {
= -18000 tos02 3 -18000 | Set-point range emergency compartment s & = 18000 | Set nge emergency compartment 1oso
-25200 o E | 1 H
-28800 €00 2 200 3
-32400 > >
3% 1720 [ S Y
-43200 .
-46800 { [S40 33FTECOCAIIITR R T eeYY Y 540 or
TE0M00 pansessssnsasssansanssnnsansssnsanssastttessssrsanan hse00; f === |
i 360 360 B0 . 360
31200 - Set-point range adjacent compartment | 1200 Set-point range normal compartment Set-point range adjacent compartment |
-68400 ol
~72000 -72 0 =72000 —adp
1 2 3 5 6 7 ] 9 10 1 0 7 F] 3 5 ] 7 B ) ) il 0 A Z 3 ] 5 6 7 [] ] 0 7l
K Position along tunnel sector [km] Position along tunnel sector [km] Position along tunnel sector [km] )

Emergency in lateral compartment Emergency in center compartment

~

- - .
S 0 min o g — 5 min 15 min -
68400 | 684001 _ = — e
aag0o| —— Slab duct *  Volume flow rate through diffusers | e4s00 St Valume flow rale though dikeers Slab duct + Volume flow rate through diffusers
61200 Tunnel 200 Tunnel 2700
57600 | 57600 i Tunnel
S00) — Emergency extraction . 2520 o Emergency extraction - —— Emergency extraction 220
i STABLE ‘
43200 2340 - 2340
39600 "
36000 2160 B 216
e T £ VENTILATION :
25200 1980 c‘ 1980
21600 =
= 1800 1800 T 180¢
= 14400 £z = 1
E 10800 g £ E £
= o0l 1620 5 I = 1620 ©
£ 3600 5 B 2 |
H wog % i 144(
g 208 £ 2 s = 126¢
3 = 3 £ z ~ z Y
s 1080 2 s ‘Wﬁgi emergency compartment 1os - s Sa:pomuinge emergency compartment 1oso -
2 —_—
900 3 3
720
500 | s0 40800 Fomrm e Y Y S T S g Y S T
50400 besssssnanse T PP PP PP T 0 SRR PP ST Py i
00! 60
-57600
i
78006
- 1 3 i 5 B 7 8 9 10 i g S v v
Position along tunnel sector kni] Position along tunnel sector [km) Position along tunnel sector [km) )
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2.7 AlCOveS Ventilation

Cold air supply

4 .
;
/ . ‘.
/ . :
4 . -
, . _.

Fresh air ’

¢ t | )/ : . under racks
rom tunne . -
/ e = /
.'/ l.‘. 4"
t/ 'TEI@‘/”:‘ ....... TRRRPp Av/ ..... [ERERERS IETRRREE :
| > \TI '_J*,f‘,fu.; ....... TREREEE gy
/ ELECTRICAL
Smoke ALCOVE ~
extraction

Hot air >l Heat exchanger

N X Chilled water
S supply and
return

W
_

Cold air

Blower

Fresh air is supplied from the tunnel for the alcove
ventilation. The exhaust air naturally flows
towards the tunnel for extraction.

Alcove ventilation load is transferred to chilled
water.

The smoke extraction is connected to the main
smoke extraction duct of the tunnel.

More info:
F. Valchkova @ Session TIWG 3
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Ventilatorp

Variante \/p,, ia
e .D@:go.,.pD_;C,’D?OSQSVStem (VD)

8]

. Ongoing studies and
topics
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3.1 Cable heat load 7o rock

H Alcoves > u Cable losses but... H Civil Eng. cost

Profondeur (m)

Cables losses =2 1.8 MW per sector 2 162 W/m

en moyenne
35°C/1000 m
{dans le canton de

What if we could transfer some heat to the rock?

Evolution de la température dans le sous-sol dans les

conditions du Plateau suisse. Source S. Catin CREGE
Gotthard - e— e 0

With insulators ~5 cm o 1 1A
Base Tunnel « 0\ /.

Tunnel: 0.4 MW %

2 W

| =——Prediction

Without insulators

g

i | = —Upper Limit Uncertainty
: Lower Limit Uncertainty

i ——Surtace Topography

g

Height above Sea Level [m]

Tunnel: 1.2 MW

3
8

g

g

Rock Temperature [°C]

8

Erstfeld Amsteg : | Sedrun : Faido Bodio
0 e . 0

100 105 110 115 120 125 130 135 140 145 150 155 160
Project Kilometer [Pkm]
26.00

=
S
N
o
+— 24.00
(@)
S
©
No)
0
v

0 20 40 60 80 100 120
Temperature [°C]

Cables would have to be bigger! Temperature — resistivity copper
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Temperature - Geneva, Switzerland

—e— Low Temp. (°C) —e— High Temp. (°C)

27.5
25.0
22.5
20.0
17.5
15.0
12.5
10.0

4.8°C

25 1.6°C

23.5°C26.5 °C 25.8°C

3.2 Air recycling Run & Access Modes

Supply AHU
Supply air

Supply air

20.9°C <

Open

o -
() (O]
&= =
= (=
= =
<< <<

Modulating

\5.4°c

14.4°C 14°C

|

Modulating

Exhaust air
—

\ 8.8°C
4°C \

2.4°C
0.1°C

5.3°C
Y

Open

T Recycled air

m
x
>
Q
C
(%]
—
Q
=

[

(0]
=
L=
=
<

Air filter
Modulating

Mar

Feb May Jun Jul

Apr

With very high or low temperatures
(summer/winter), in  principle,
recycle as much as possible

\

Aug Sep Oct Nov Dec

In any case, always control according to
external and internal temperature and
humidity conditions.

Always considering the

limits  of

activated air

/

More info:

RP, e.g.
G. Lavezzari @ Session TIWG 1

Run & Access Modes  Return AHU

e [ o

Max. Return T

Min. Supply T 17

Max. T Summer 26

Min. T Winter 18
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3.3 Longitudinal ventilation run, Access & Flushing Mode

I - - Suppl |
Y R A R I IR e veryy M
ExhaEN_IU *||w Y v AAHU‘_E_xhaust ExhaEAI_IU *||w Y v AAHU‘_E_xhaust
Emergency — Emergency Emergency Emergency
extraction &/ \—:L 1‘7; extraction extraction ‘\—:l J_V—’ extractlon

54,000 m3/h in Run / Access Mode
100,000 m3/h in Flushing Mode :
|
A A / l
-r [ i1 1 ‘l + f
110 ] i ; 1111 /|
{{: - = | | ....... " { .II |
' - . { { 5 I A I
LIT.':I — bl i bala t L
II II 'I II‘ i I|I III III III
'Il l|II |I |' i J‘I lli ;‘I L
III I'I Il' |r I II. 'Ir I‘ rl'
) II I II II
Run Mode - Machine is in operation Advantages
Access Modes - Maintenance / works _ No slab duct needed
are done in the tunnel L d simol trols (d tc)
. . - Less and simpler controls (dampers,etc
Flushing Mode - Full air renewal between Access P PES, =
- More efficient overall, less pressure loss " Gotthard Base. Tu,,

and Run Modes
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3.3 Longitudinal ventilation run, Access & Flushing Mode

) Signs Transient, OFF = Run/Access
D criteria

=4 =4 o= o

—> (
(+)D D“

T 0 min | e — | 1 min | - 2 min

720001 12000 75600 | Tunnel
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2 5000 E o £ =0
e £ 32400 g %o
= 28800 E 2 32400
25200 25200 28800 |
21600 | | 21600 25200
18000 | 8000 | 21600
14400 | 14400 18000
10800 { 10800 40|
10800 {
7200 7200 7200
3600 3000 ool
‘ ! ? : Positon song tunnel saclor k] ¢ ‘ ° " 0 ! : : 4 o : ! ¢ 4 0 " o 7 2 3 7 0 5 0 i

Position along tunnel sector [km] 5 8 f
Position along tunnel sector [km]

. . .

79200 3 II”n L 4 II“n | 79200 5 Il“n

75600 Tunnel 8500, dunnel 75600 Tunnel ' '
72000

72000 72000
68400 ¢ 68400 68400
64800 64800 64800
61200 61200 61200
57600 | 57600 57600
54000 54000 54000
= 50400 T 50400 = 50400
E 46800 " 40800 EdGBUU
7 43200 g w20 g 43200
§ 39600 3 39600 % 39600
E 25000 3 000 E 36000
3 32400 35 32400 5 2200 STAB LE
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14400 14400 14400
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0 0
0 1 2 3 4 [] 9 10 1 0 1 2 3 [ ] [] 10 1 ] 1 F] 3 a 8 ] [ 1

5 6 7 6 5 [] 7
Position alang tunnel sector [km] Position alang tunnel sector [km] Position along tunnel sector [km]
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3.3 Longitudinal ventilation emergency Mode

SUppILAHu_ S I _AHU_inply 5U|O|O|y = . ijIO'v
EXhaﬁ‘AHu . 4||' Y ol AHU‘EhaUSt ExhaE‘AHU p Yy " AHU‘E(haust
Emergency —:l = Emergency Emergency = —_ Emergency
extraction ‘\::-;.-v 7 extraction extraction :i‘.:-:;: \ extraction
Bidirectional dampers
!
1 3
| 1
‘} “l\ l
T 7 a Il ’
: !II a s . lll III J'_‘" ] l L ! I' III I I'I 'I
I‘I lII N - —-—f. ;—-, " -I'I II' 1 ! 4" II "— §|; I'I
Uy - bl ' i < > g
‘I‘r IIII| . I'I ‘Iu » ) : f;n‘ III [
{ |'I I|I |'I ! "II I|
Disadvantages
_ _ - Degraded modes
Emergency Mode = Smoke & fire or helium leak
scenario - Force needed to open compartment doors

- Larger dampers at compartment walls
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5 o 3.3 LONgitudinal ventilation Emergency Mode

(-) i .
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| . |
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O FCC Inigo Martin Melero (CERN/EN/CV)

3.4 Other zones Ventilation requirements TBD

Other underground zones are not entirely defined yet

HD absorbers:

Information / boundary conditions collection of: HDGraphite T, CuCZn W

3 LD Graphite (1.8 g/cc) 00m
HD Graphite g1 - 300may
(1.sglzc) (1.1 g/cc) e 2000mm -~~~ ‘

500mm T 1500mm -

Heat loads

" Shell: Ti-Grade 5

4350mm ~ -~

Beam dum L s
* Temperature P ‘mﬁ,

* Air speed 7. More info:
A. Krainer et al @ IPAC’22

Humidity

And other requirements (safety, radiation protection)
from the users as more information is available.

) . More info:
Xx=125m x=500m F Valchkova @ Session TIWG 3
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4. Next steps
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4. Next steps
* Interact with the rest of departments and exchange information: heat loads,
ducts integration, sustainability issues...

* Analyze and decide whether to continue with baseline ventilation or
changing to the longitudinal concept

* Analyze and decide whether to implement other smaller proposals

* Write internally a final reference report on ventilation and develop the CV
part to be included in the FCC Feasibility Study
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Sectors, Departments and Units

CERN'’s governance

Director-General (DG)
Health, Safety and Environment (HSE)
Internal Audit (DG-IA)
Legal Service (DG-LS)

Translation, Minutes and Council
Support (DG-TMC()

Accelerators and Technology (ATS)
Beams (BE)

Engineering (EN)

Accelerator Systems (SY)
Technology (TE)

Mandate:

Finance and Human Resources
(FHR)

Finance and Administrative Processes
(FAP)

Human Resources (HR)

Industry, Procurement and Knowledge
Transfer (IPT)

Site and Civil Engineering (SCE)

Research and Computing (RCS)
Experimental Physics (EP)
Information Technology (IT)
Theoretical Physics (TH)

Projects (RCS-PRJ)

Scientific Information Service (RCS-
SIS)

EN-CV Mandate & Structure

International Relations (IR)

Diplomatic and Stakeholder Relations
(IR-DS)

Education, Communications and
Qutreach (IR-ECO)

v

...design, installation, commissioning, operation and

maintenance of the cooling systems,

pumping

stations, air conditioning plants and fluid distribution
systems for the whole of CERN’'s accelerator

complex...

) Read more about Access & Alarms

(AA) Group...

» EL

Read more about Electrical
Engineering (EL) G...

MME
Read more about Mechanical and
Materials Engi...

» CV
Read more about Accelerator ) Read more about Cooling and
Coordination and ... Ventilation (CV) ...

) HE ) IM
Read more about Handling ) Read more about Information
Engineering (HE) Gro... Management (IM) G...

dangereuses

) Read more about Planning,
Administration & Sa...

Engineering Department
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ThermoTun software Transient simulations

- 1D modelling software, developed by Dundee Tunnel Research and University
of Dundee (Scotland). L — -

e 3; Tusnel with an Alrghaf

- Transitory analysis of air pressures and velocities. A

Metro Melbourne Citytunnel Frankfurt

wiavel
Schematics of the tunnelandthe ~gmmemmmmemonmen L e e
© Figure 15: Ventilation principle for Case 13002 considered emergency scenario / e G
A [ [a———
| ostboundine & s [V s T ) _i J T i
L A — v ¥ e
o T3 Hm P /- \ . Shalt
£ & : 28 £ g s 3 |3 l l
- § H B 2 ] H § 3 PR R IRY -
B |00 |§ 8 & g |z
H ] é 4 e Tund 02 Thine], sucied F sisssled Fed CRach, Faa coathy
- 7 w; 5 S« > : Wireframe-diagram of i
Westbunddne 1| — —f 5 — e o Wy
: 3 Eas ¢ = the tunnel network :C: |1°‘TI o :.-"l,:l II.‘|I [
4 H LRTE ' §
I 7w v
Nachweis fir Phase 4: i
i r
o Tiee, st T
N
8 b 1 Vg Pl NSl T ]
- B e Y VN “
< [t as
N4 % gl i
N s i il e
] . H ) I
o & 1. 4 EEme T S N et “ L =
LK ~ e e
\ ey, eace Tora, aex
\ v g Thateze e Coedens (Gt arshy]

lllustration of the tunnel
network with the ventilation
system and the simulation
results (airspeed in blue)

uuuuuuu

Results of the simulation: distribution
of pressure along the tunnel showing
overpressure in the non-incident tube

Static pressure [Pa]
|
|
|

0 7000 7500 Ao eso0 9000
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Simulations configuration

Both the baseline, semi-transverse concept and the alternative,

longitudinal concept are included in the simulations.

Simulation of the Run Modes.

- Supply fans ramp up time: 60 s

- Setpoint in damper of baseline concept ramp up time: 100 s

Simulation of Emergency Modes.

-  Timeline of events for transition

from Run to Emergency Modes \

Easy controller 227V-024T-05-013

Supply voltage ~ 24V AC * 20%, 50/60 Hz
Supply voltage — 24VDC220%
Power rating ~ 5 VA max.
Power rating = Max. 3 W
' IRun time for 90° 100 s I
Setpoint value signal input 0-10VDC,Ra>100kQ
Actual value signal cutput 0-10V DC, max. 0.5 mA
IEC protection class Il (protective extra-low voltage)
Protection level IP 20
EC conformity EMC to 2014/30/EU
Time [s] Event Comment
<0|Normal operation mode
O|Fire detection, alarm given A reaction time/delay of 60s until confirmation of the fire alarm by the operator
and/or activation of corresponding scenario is assumed
60|Stop normal ventilation (supply and normal Avoid spread of smoke along the tunnel
extraction)
60|Close doors of fire affected and adjacent Time to close: 30s
compartments
60]Open emergency extraction dampers in ceiling duct |Time ot fully open the dampers: 30s
of the fire affected and adjacent compartments
90|Start emergency extraction fans Ramp up time for emergency extraction fans: 30s
90|Restart supply flow with distribution accordingto  |Time to achieve target supply distribution: as per system reaction time

position of fire

accounting for VAV dampers opening/closing speed (100s from fully open to
fully closed)
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If cables = 3,500 kW 2.1 Generalities Primary circuit heat loads
Point Cryogenics  Experiment General Services  Power Converters (RF) Chilled water Underground TOTAL

A 0.3 0.5 2 46 68 42.6 50 52
B 2 39 62 1.0 7 9
D 0.3 0.5 2 46 68 2.6 50 52
F 2 39 62 1.0 7 9
G 0.3 0.5 2 46 68 426 50 52
H 34 2 45 103 123 51.0 102 104
J 0.3 0.5 2 46 68 426 50 52
L 10 2 0.1 45 68 2.7 19 22

o ~ Chiller_ - \ | }

: = E —]><- e Ventilation cooling requirements

I | in Primary Water Circuit

I 25°C | 6°C

I\ —— — ,I~ _©_ | More info:

Primary water — Q G. Peon @ Session TIWG 5
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If cables = 3,500 kW 2.1 Generalities  chillers needed
POINT COOLING FLOW RATE NUMBER OF COOLING POWER/ |
POWER (kW) (m3/h) CHILLERS CHILLER (kW)
A 5706 1,000
B 3284 5142 472 739 5 7 900
D 3828 5686 550 817 5 7 1,000 — Ventilation cooling requirements in
F 3284 5142 472 739 5 7 900
G 3848 5706 553 820 5 7 1,000 Cold batteries in AHUS/ Fancoils in:
H 8345 10203 1,200 1,467 6 7 1,800 - Surface Buildings
- Shaft pressurization
J 3828 5686 550 817 5 4 1,000 . Service Cavern & UAs
L 3739 5597 537 805 5 7 1,000 - Experimental Cavern
Chiller - Half Tunnel Sector 1
rm—————- =~ - Half Tunnel Sector 2
,' B — | - >< COP = § - Klystron Galleries
I I 12°C ———
I I FAIR
| 25°C | 6°C [
I
: — _©‘ KWiton 05 06 10.7; 08 09 10 11 1.2

P — =" I C.O.P. (7.0) (5.9) :(5.% (4.4) (3.9) (3.5 (3.2) (2.9)

Primary water — Q
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3.2 Air recycling Flushing Mode

Temperature - Geneva, Switzerland

—e— Low Temp. (°C) —e— High Temp. (°C)

27.5
25.0
22.5
20.0
17.5
15.0
12.5
10.0

23.5°C26.5 °C 25.8°C
20.9°C

\5.4°c

14.4°C 14°C

4.8°C

1.6°C 2.4°C

\
e G

Supply AHU

Supply air
<_

Open

Supply air

Air filter
Open

[

(O]
&=
=
=
<

Closed

Exhaust air

Exhaust air

5\.:?;"0 >

Open

0.1°C

Air filter
Air filter

Open

Jan Feb | Mar Apr May Jun Jul Aug Sep Oct

f

In case of extremely low temperatures
during Flushing, when the Heating battery
cannot achieve the 15 °C:

until

Air fl ing ti
ll ir flow Topoy = 15 °C but... TTFIushmgtlme

Return AHU
Flushing Mode

e [ e o

Max. Supply T Summer

Min. Supply T Winter 15
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